Introduction {#s1}
============

Type 2 diabetes mellitus (T2DM) is characterized by progressive deterioration of endogenous insulin secretion and subsequently impaired glycemic control. As a consequence, stepwise intensification of individualized treatment strategies are necessary to achieve normoglycemia in the patient. This commonly involves starting with diet and exercise regimens, and progressing through oral antidiabetic drug (OAD) treatment to eventual supplementation with insulin.[@R1] The combination of one or more OADs and basal insulin is commonly denoted as basal (insulin)-supported oral therapy (BOT). Near-normal fasting blood glucose (FBG) values are generally achieved and maintained by BOT, thanks to its primary effect on overnight fasting glucose; however, prandial glucose excursions may remain inadequately controlled by BOT contributing to the overall glucose burden and level of glycosylated hemoglobin (HbA1c) over time.[@R2] One approach to restoring satisfactory postprandial glycemic control is the addition of prandial short-acting insulin to the basal regimen mimicking physiological patterns of endogenous insulin secretion.

Due to concerns regarding weight gain, hypoglycemia, injection burden and impact on daily quality of life, both physicians and patients are frequently reluctant to implement insulin intensification by the abrupt addition of multiple daily prandial insulin boluses to existing BOT (basal-bolus).[@R3] This reluctance may result in clinical inertia, poor adherence and/or poor persistence.[@R5] One alternative is to switch from BOT to twice-daily premixed insulin, which provides both basal and prandial coverage due to its biphasic pharmacokinetic properties.[@R6] Although this addresses several of the aforementioned issues, flexibility is limited by the fixed ratio of long-acting to short-acting components, precluding self-titration of prandial doses based on self-monitored blood glucose (SMBG).[@R7] A so-called basal-plus approach has gained interest, in which BOT is intensified by addition of a once-daily short-acting insulin bolus only, typically prior to the main meal of the day. The rationale behind this simple approach is that it blunts the most significant postprandial glucose peak, thereby slowing disease progression while preserving dose flexibility, limiting the risk of hypoglycemia and weight gain and restricting the number of daily insulin injections to two.[@R8] This approach may make intensification more acceptable to patients, and leave room for the stepwise addition of more prandial boluses in case glycemic targets are not met.[@R9] A suggested protocol for this stepwise approach can be found in [figure 1](#F1){ref-type="fig"}.[@R10]

![Suggested algorithm for the stepwise initiation and titration of rapid-acting insulin (adapted from Owens *et al*).[@R10] D, day; FBG, fasting blood glucose; HbA1c, glycosylated hemoglobin; OAD, oral antidiabetic drug; PPBG, postprandial blood glucose; U, international units of insulin.](bmjdrc-2019-000679f01){#F1}

In recent years, a number of studies have been published that compare the basal-plus regimen to alternative strategies, or explore different aspects of its clinical implementation. We aimed to gather available evidence in a systematic review of the literature and consolidate our findings into a comprehensive overview from which to derive clinical recommendations.

Methods {#s2}
=======

The present systematic review (no predefined protocol) of published full-text articles is based on the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) approach for evaluating healthcare interventions.[@R11] A schematic of the steps taken to identify the included studies is shown in [figure 2](#F2){ref-type="fig"}. Briefly, on September 22 2018, studies relevant to the basal-bolus regimen were identified through a series of PubMed searches, scanning reference lists of retrieved articles, and consultation with experts in the field. Only English and German language articles were considered, with no further eligibility criteria specified. A total of three PubMed searches were carried out using the following search terms:

1.  *"("insulin"\[MeSH Terms\] OR "insulin"\[All Fields\]) AND ("diabetes mellitus"\[MeSH Terms\] OR ("diabetes"\[All Fields\] AND "mellitus"\[All Fields\]) AND basal\[All Fields\] AND prandial\[All Fields\]) AND Clinical Study\[ptyp\]"* with no further limits applied (search 1); yielding 152 records

2.  "*basal-plus\[All Fields\]"* with no further limits applied (search 2); yielding 102 records

3.  "((*"insulin"\[MeSH Terms\] OR "insulin"\[All Fields\]) AND ("diabetes mellitus"\[MeSH Terms\] OR ("diabetes"\[All Fields\] AND "mellitus"\[All Fields\]) OR "diabetes mellitus"\[All Fields\] OR "diabetes"\[All Fields\]) AND basal-plus\[All Fields\]) AND Review\[ptyp\]"* with no further limits applied (search 3); yielding 14 records.

![PRISMA flow diagram of clinical study selection. IAsp, insulin aspart; IDet, insulin detemir; IGlar, insulin glargine; IGlu, insulin glulisine; ILis, insulin lispro; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.](bmjdrc-2019-000679f02){#F2}

In addition, a bibliography review and consultation with experts in the field was carried out to identify any further pertinent studies (search 4). After removing duplicates, the titles and abstracts of the retrieved literature were screened, and those considered to be lacking relevance excluded. Full-text files for the remaining publications were obtained. The shortlisted articles were then sorted by type: review, meta-analysis or clinical study, with the latter further stratified according to the insulin combination used in the basal-plus group. Also, studies were labeled according to the treatment setting (inpatient vs outpatient) and are discussed separately.

Glucagon-like peptide-1 receptor agonists (GLP-1 RA) are increasingly used as combination partners for insulin. Especially, addition of a short-acting GLP-1 RA to basal insulin within a BOT regimen may represent a valid bona fide treatment intensification strategy. Therefore, we identified and included a single trial with lixisenatide as comparator into this systematic review. The results of the GLP-1 RA study are presented and discussed systematically together with the insulin trials.

Data from the clinical studies regarding study design, inclusion criteria, primary endpoints, and key outcomes were extracted into [table 1](#T1){ref-type="table"}, according to the PICO scheme.[@R12] Details of intervention and comparator were recorded. Where applicable, implementation strategies for the basal-plus regimen were noted and are presented together with the outcomes. Further, data on HbA1c, FBG, bodyweight and hypoglycemia were extracted into [table 2](#T2){ref-type="table"}. Change in HbA1c from baseline and the proportion of patients achieving HbA1c \<7% were considered the principal summary measures. Whenever possible, data not available from the respective publications were retrieved from study investigators. No further statistical analyses were performed.

###### 

Overview of the identified clinical studies including a basal-plus arm (according to the PICO scheme)

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Clinical study                                              Patient population                                                                                                                                                                                                     Basal-plus dosage Intervention                                                                                                                          Comparator                                                                                                                                       Primary endpoint                                                                                Key outcomes
  ----------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  ***B+ combination: IGlar + IGlu***                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  OPAL[@R8]\                                                  Outpatient; T2D; age ≥18 years; HbA1c \>6.5%--9.0%; FBG ≤6.7 mmol/L; IGlar + OADs for ≥3 months                                                                                                                        **B^+^ (breakfast**): IGlar + OADs + IGlu before breakfast (n=162)                                                                                      **B^+^ (main meal**): IGlar + OADs + IGlu before main meal of the day (n=154)                                                                    Change in HbA1c from baseline to endpoint                                                       Regimens comparable for HbA1c reduction and HbA1c \<7% target achievement.Hypoglycemia rare and comparable between groups.
  Open-label RCT; 24-week FU                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Davidson *et al* [@R9]\                                     Outpatient; T2DM ≥6 months, age 18--79 years, HbA1c ≥8%, stable dose of 2--3 OADs                                                                                                                                      **B^+^ 1**: IGlar + OADs + IGlu before the largest meal of the day (n=101)\                                                                             **BB**: IGlar +OADs + IGlu before all three meals (n=100)                                                                                        Change in HbA1c from randomization to study end (week 24)                                       HbA1c reduction non-inferior with B^+^ 1 and B^+^ 2 vs BB.HbA1c \<7% target achievement more frequent with BB vs B^+^ 1 and B^+^ 2.Severe hypoglycemia nominally more common with BB vs B^+^ 1 and 2.
  Open-label RCT; 24-week FU                                                                                                                                                                                                                                                         **B^+^ 2**: IGlar + OAD + IGlu before the two largest meals of the day (n=102)                                                                                                                                                                                                                                                                                                                           

  POC[@R21]\                                                  Outpatient; T2D; age 18--75 years; BMI 25--45 kg/m^2^; HbA1c 7.5%--9.5%; treatment with basal insulin + Met ≥1 g/day for \>3 months                                                                                    **B^+^**: IGlar + OADs + IGlu before main meal of the day (n=45)                                                                                        **BOT**: IGlar + OADs only (n=51)                                                                                                                Proportion of patients achieving HbA1c \<7% at endpoint                                         HbA1c \<7% more common and reduction in HbA1c greater with B^+^ vs BOT.Hypoglycemia and weight change comparable between groups.
  Open-label RCT; 6-month FU                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Choe *et al* [@R13]\                                        Outpatient; T2D; in Severance Hospital Diabetes Insulin Education Registry; IGlar ≥6 months; recent addition of IGlu 1×/day                                                                                            **B^+^**: IGlar + IGlu 1×/day (n=87)                                                                                                                    n.a.                                                                                                                                             Changes in glycemic and clinical parameters                                                     HbA1c reduced by 0.8% and PPBG by 48.7 mg/dL at 6 months (p\<0.001).
  Retrospective chart review; 6-month FU                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  ELEONOR[@R15]\                                              Outpatient; T2DM ≥12 months; age 30--70 years; BMI\>25 kg/m^2^; HbA1c 7.5%--11%; maximum dose OADs for ≥3 months                                                                                                       **B^+^ (telecare)**: IGlar + Met 1 g 2×/day + IGlu 1×/day at dinner time with telecare monitoring (n=115)                                               **B^+^ (SMBG)**: IGlar + Met 1 g 2×/day + IGlu 1×/day at dinner time with SMBG (n=126)                                                           Change in HbA1c from baseline to end of treatment phase                                         HbA1c reduction and achievement of FBG ≤7 mmol/L comparable between groups.Weight change and hypoglycemia similar between groups.
  Open-label RCT; 24-week FU                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  OSIRIS[@R20]\                                               Outpatient; T2D; age 18--75 years; BMI ≤40 kg/m^2^; HbA1c \>7%; treated with basal insulin and ≥2 OADs                                                                                                                 **B^+^**: IGlar + Met + IGlu before main meal; subsequent stepwise addition of IGlu (n=165)\                                                            **BB**: IGlar + IGlu 3×/day before meals + Met (n=120)                                                                                           To show non-inferiority in terms of efficacy between the treatment arms as measured by HbA1c    B^+^ not non-inferior to BB for adjusted HbA1c reduction (0.228; 95% CI: −0.018 to 0.473).Weight gain lower with B^+^ than BB.Symptomatic hypoglycemia comparable between groups. Nocturnal symptomatic hypoglycemia more common with B^+^ (+IS) than B^+^.
  Open-label RCT; 12-month FU                                                                                                                                                                                                                                                        **B^+^ (+IS)**: IGlar + Met + insulin secretagogue + IGlu before main meal; subsequent stepwise addition of IGlu (n=100)                                                                                                                                                                                                                                                                                 

  Umpierrez *et al* [@R18]\                                   Inpatient; hospitalized, non-ICU, general medicine and surgery patients; T2DM \>3 months; age 18--80 years; FBG 140--400 mg/dL; preadmission management with diet, OADs or daily insulin ≤0.4 U/kg                     **B^+^**: IGlar + corrective IGlu before meals and at bedtime only when BG \>140 mg/dL (n=133)                                                          **BB**: IGlar + IGlu before all meals + corrective IGlu when BG \>140 mg/dL (n=144)\                                                             Difference in glycemic control, as measured by daily BG concentrations                          Reduction in BG after day 1 similar between BB and B^+^. and worse with SSI.Treatment failure lower with BB and B^+^ vs SSI.Severe hypoglycemia comparable between groups.
  Open-label RCT; 8-day FU                                                                                                                                                                                                                                                                                                                                                                                                                   **SSI**: Sliding scale regular insulin when BG \>140 mg/dL (n=74)                                                                                                                                                                                

  All To Target[@R16]\                                        Outpatient; T2D; age 30--80 years; BMI \<45 kg/m^2^; HbA1c \>7.5%; 2--3 OADs for ≥3 months; \<1 week insulin use in past 12 months                                                                                     **Basal+** **1**: IGlar + IGlu 1×/day with main meal; ±OADs (n=194)\                                                                                    **Premix**: IAsp/IAsp protamine 30/70 2×/day at breakfast and dinner time; ±OADs (n=194)                                                         Non-inferiority of treatment options based on the reduction of HbA1c from baseline to week 60   Basal+ 1 non-inferior to premix for HbA1c reduction and basal+ ≤3 superior to premix for achievement of HbA1c \<7.0%.Hypoglycemia \<2.8 mmol/L more frequent with premix vs basal+ 1 and basal+ ≤3.
  Open-label RCT; 60-week FU                                                                                                                                                                                                                                                         **Basal+ ≤** **3**: IGlar + IGlu up to 3×/day; ±OADs (n=194)                                                                                                                                                                                                                                                                                                                                             

  LanScape[@R23]\                                             Outpatient; T2D; aged 18--75 years; HbA1c ≥7.5% and ≤11%; BMI ≤40 kg/m^2^; basal insulin for ≥3 months; no prior GLP-1 RA, DPP-4i, biphasic, short-acting or rapid-acting insulin                                      **B^+^**: IGlar + IGlu with largest meal; no OADs (except Met) (n=170)                                                                                  **Premix**: IAsp/IAsp protamine 30/70 2×/day at breakfast and dinner time; no OADs (except Met) (n=165)                                          Change in HbA1c                                                                                 B^+^ non-inferior to premix for HbA1c.Treatment satisfaction higher for B^+^.Hypoglycemia similar between groups and nocturnal hypoglycemia more common with B^+^.
  Open-label RCT; 24-week FU                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Jin *et al* [@R22]\                                         Outpatient; T2D; age ≥20 years; BMI \<30 kg/m^2^; HbA1c 7.0%--10.0%; FPG \<130 mg/dL; IGlar ≥12 weeks                                                                                                                  **B^+^:** IGlar + IGlu before largest meal for 12 weeks; subsequently, second IGlu bolus before second largest meal, where HbA1c\> 7.0%; ±OADs (n=78)   **Premix**: IAsp/IAsp protamine 30/70 before breakfast and dinner;±OAD (n=82)                                                                    Change in HbA1c after 24 weeks                                                                  Mean-adjusted HbA1c reduction comparable between groups.Rate of hypoglycemia and total daily insulin dose similar between groups.
  Open-label RCT; 24-week FU                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  GetGoal Duo-2[@R24]\                                        Outpatient; T2DM ≥1 year; BMI \>20 and \<40 kg/m^2^; basal insulin for ≥6 months; HbA1c ≥7% and ≤9%; FBG ≤140 mg/dL; ≤3 OADs                                                                                           **B^+^**: IGlar + IGlu before main meal; ±Met (n=298)\                                                                                                  **Lixisenatide**: IGlar + lixisenatide 20 mg before main meal; ±Met (n=297)                                                                      HbA1c reduction with the treatment options                                                      HbA1c improved comparably in all groups.Symptomatic hypoglycemia less common with lixisenatide vs B^+^ and BB.Change in bodyweight negative for lixisenatide and positive for B^+^ and BB groups.GI events more common with lixisenatide.
  Open-label RCT; 26-week FU                                                                                                                                                                                                                                                         **BB**: IGlar + IGlu 3×/day before meals; ±Met (n=295)                                                                                                                                                                                                                                                                                                                                                   

  ***B+ combination: IGlar + ILis***                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  Tinahones *et al* [@R26]\                                   Outpatient; T2D; age ≥18 and ≤75 years; BMI ≤45 kg/m^2^; HbA1c ≥7.5% and ≤10.5%; FPG ≤6.7 mmol/L; Met≥ 1500 mg/day for ≥8 weeks and/or pioglitazone ≥30 mg/day for ≥12 weeks; IGlar for ≥90 days                       **B^+^**: Bedtime IGlar+ ILis before largest meal; +Met/pioglitazone (n=240)                                                                            **Premix**: LM25 before breakfast and dinner; +Met/pioglitazone (n=236)                                                                          Change in HbA1c after 24 weeks                                                                  Premix superior to B^+^ for HbA1c reductionMean BG, glycemic variability, tolerability and hypoglycemic episodes not significantly different.
  Open-label RCT; 24-week FU                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Gracia-Ramos *et al* [@R25]\                                Inpatient; hospitalized, non-ICU patients; T2DM \>3 months; BG \>140 and \<400 mg/dL on admission; treatment with diet, OADs or low-dose insulin (≤0.4 U/kg) before admission; consumption of ≥75% of indicated diet   **B^+^**: IGla + ILis before meals when BG \>140 mg/dL; no OADs (n=25)                                                                                  **Premix:** LM75/25 + ILis before meals when BG \>140 mg/dL; no OADs (n=25)                                                                      To compare the safety and efficacy of the study treatments                                      Premix and B^+^ comparable for BG after day 1 (166.6 vs 173.0 mg/dL; p=0.470), final BG (131.3 vs 143.8 mg/dL; p=0.153) and achievement of BG \<140 mg/dL (72% vs 56%; p=0.239).Hypoglycemia comparable between groups.
  Open-label RCT; follow-up during hospital stay                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Gross *et al* [@R14]\                                       Outpatient; T2D; age ≥18 and ≤75 years; BMI ≤45 kg/m^2^; HbA1c ≥7.5 and ≤10.5%; FPG ≤6.7 mmol/L; Met ≥1500 mg/day for ≥8 weeks and/or pioglitazone ≥30 mg/day for ≥12 weeks; IGlar for ≥90 days                        **B^+^**: Bedtime IGlar+ ILis before main meal; +Met/pioglitazone\                                                                                      **Premix**: LM25 before breakfast and dinner; +Met/pioglitazone.\                                                                                To compare the safety and efficacy of the study treatments                                      HbA1c decreased in all main meal subgroups in both insulin regimens.Evening main meal: greater weight gain and more hypoglycemia with premix vs B^+^.Lunchtime main meal: higher nocturnal hypoglycemia with premix vs B^+^.
  Post hoc analysis of Tinahones *et al* [@R26]; 24-week FU                                                                                                                                                                                                                          **Main meal timing**: breakfast (n=40); lunchtime (n=107); evening (n=93)                                                                               **Main meal timing**: breakfast (n=51); lunchtime (n=71); evening (n=114)                                                                                                                                                                        

  ***B+ combination: IDet + IAsp***                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

  STEPWise[@R28]\                                             Outpatient; T2DM ≥6 months; age ≥18 years; HbA1c 7.5%--10%; receiving basal insulin +1--3 OADs                                                                                                                         **B^+^ (simpleSTEP)**: IDet + OAD + stepwise addition of IAsp at largest meal based on premeal glucose (n=150)                                          **B^+^ (ExtraSTEP)**: IDet + OAD + stepwise addition of IAsp at meal with largest prandial glucose increment based on postmeal glucose (n=146)   Change in HbA1c levels at 36 weeks after randomization                                          HbA1c reduction comparable between groups.Adverse events and hypoglycemia rare and comparable between groups.
  Open-label RCT; 48-week FU                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  FullSTEP[@R27]\                                             Outpatient; T2DM ≥12 months; age ≥18 years; HbA1c 7%--9%; BMI \<40.0 kg/m²; NPH, IGlar or IDet for ≥6 months                                                                                                           **B^+^**: IDet + IAsp before largest meal for 11 weeks; subsequent stepwise addition of IAsp up to 3×/day; ±OADs (n=201)                                **BB**: IDet + prandial IAsp 3×/day; ±OADs (n=200)                                                                                               Change in HbA1C from baseline to week 32                                                        HbA1c reduction not significantly different between groups.Fewer hypoglycemic events with B^+^ than BB.
  Open-label RCT; 32-week FU                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LM25: insulin lispro protamine suspension 75% and insulin lispro solution 25%; B+, basal plus; BB, basal-bolus; BG, blood glucose;BMI, body mass index; BOT, basal-supported oral therapy; FBG, fasting blood glucose; FU, follow-up; GI, gastrointestinal;GLP-1 RA, glucagon-like peptide-1 receptor agonist; IAsp, insulin aspart; IDet, insulin detemir; IGlar, insulin glargine; IGlu, insulin glulisine; ILis, insulin lispro;LOS, length of stay; Met, metformin;n.a., not applicable; OAD, oral antidiabetic drug; PPBG, postprandial blood glucose; RCT, randomized controlled trial; SMBG, self-monitored blood glucose; T2D, type 2 diabetes.

###### 

Further study data from the clinical studies (identified in [table 1](#T1){ref-type="table"}) investigating the basal-plus principle

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                         Study group           Baseline HbA1c\   ΔHbA1c vs baseline\   HbA1c \<7% target\   Baseline FBG\   ΔFBG vs baseline\   Baseline weight\   Δ weight vs baseline\   All hypo\        Severe hypo\
                                                      (%)               (%)                   (%)                  (mg/dL)         (mg/dL)             (kg)               (kg)                    (%/events PPY)   (events PPY)
  ----------------------------- --------------------- ----------------- --------------------- -------------------- --------------- ------------------- ------------------ ----------------------- ---------------- --------------
  ***IGlar + IGlu***                                                                                                                                                                                               

  OPAL[@R8]                     B^+^ (breakfast)      7.35±0.71         −0.31                 36.5                 108.1±14.4      +12.6\*             89.7±16.6          +1.0\*                  34.2/2.72        0.01±0.15

  B^+^ (main meal)              7.29±0.69             −0.36             52.2                  106.3±14.4           +7.2\*          89.4±17.6           +0.9\*             37.1/3.69               0.04±0.30        

  Davidson *et al* [@R9]        B^+^ 1                7.85±0.9          −0.44                 30                   133.4±63.4      --                  107±26.3           +3.8                    --               0.28

  B^+^ 2                        7.79±0.8              −0.36             33                    127.7±43.5           --              108±23.2            +4.1               --                      0.89             

  BB                            7.82±0.8              −0.43             46                    134.5±51.0           --              104±24.9            +3.9               --                      0.64             

  POC[@R21]                     B^+^                  7.8±0.6           −0.37±0.09            22.4                 111.9±22.6      --                  91.5±16.6          +0.7\*                  --/13.4±21.7     0.0±0.0

  BOT                           8.0±0.7               −0.11±0.08        8.8                   110.9±22.5           --              92.9±17.2           +0.4\*             --/11.1±15.5            0.2±1.1          

  Choe *et al* [@R13]           B^+^                  8.5 (8.0--9.6)    −0.7\*                13.8                 126.8±46.1      −3.5                --                 --                      9.2/--           --

  ELEONOR[@R15]                 B^+^ (telecare)       8.83±0.94         −0.7±0.06             45.2                 209.0†          −111.7†\*           80.5±14.1          +0.4±3.4                --/1.89‡         0.04

  B^+^ (SMBG)                   8.89±0.95             −0.7±0.06         54.8                  212.6†               −111.7†\*       82.5±15.2           +0.4±5.1           --/1.76‡                0.02             

  OSIRIS[@R20]                  BB                    8.5±1.1           −0.72±1.25            27.1                 104.2±10.3      --                  82.7±15.6          +2.03±0.27                               --

  B^+^                          8.4±1.1               −0.47±1.05        18.4                  103.9±11.3           --              81.6±15.8           +1.29±0.23                                 --               

  B^+^+IS                       8.3±1.1               −0.40±1.11        22.3                  106.1±9.3            --              83.6±17.0           +1.92±0.30                                 --               

  Umpierrez *et al* [@R18]      B^+^                  8.3±2.3           --                    --                   --              --                  98±28              --                      5/--             --

  SSI                           8.0±2.1               --                --                    --                   --              95±29               --                 3/--                    --               

  BB                            8.7±2.5               --                --                    --                   --              96±24               --                 16/--                   --               

  All To Target[@R16]           Basal +1              9.4±1.7           −2.1±0.1              49                   198.2±70.3      −79.3±73.9          97.2±20.9          5.0±6.5                 62.5‡/--         0.1±0.0

  Basal +≤3                     9.4±1.7               −2.2±0.1          45                    207.2±75.7           −86.5±90.1      95.2±19.2           6.8±7.6            60.1‡/--                0.2±0.1          

  Premix                        9.3±1.6               −1.8±0.1          39                    203.6±64.9           −61.3±72.1      98.2±20.5           6.4±6.9            72.0‡/--                0.2±0.1          

  LanScape[@R23]                B^+^                  8.6±0.9           −1.00                 20.6                 109.9±28.8      --                  91.5±15.7          +2.06                   --/15.3          --

  Premix                        8.6±0.9               −1.22             27.9                  108.1±28.8           --              90.8±15.4           +2.50              --/18.2                 --               

  Jin *et al* [@R22]            B^+^                  8.3±0.7           −0.9±0.1              33.3                 105.1±20.3      +3.1±3.6            64.9±9.4           +1.22±0.37              76.90/--         --

  Premix                        8.5±0.7               −1.0±0.1          29.3                  107.8±22.8           +24.4±3.5       63.9±9.8            +1.05±0.36         71.95/--                --               

  GetGoal Duo-2[@R24]           B^+^                  7.7±0.6           −0.6±0.1              38.4                 123±36          −0.2±0.1            88.4±15.9          +1.0±0.3                46.5‡/--         --

  Lixisenatide                  7.9±0.6               −0.6±0.1          42.1                  119±33               −0.2±0.1        90.1±17.4           −0.6±0.3           35.9‡/--                --               

  BB                            7.8±0.6               −0.8±0.1          49.2                  120±34               −0.1±0.1        90.0±17.2           +1.4±0.3           52.3‡/--                --               

  ***IGlar + ILis***                                                                                                                                                                                               

  Tinahones *et al* [@R26]      B+                    8.6±0.7           −1.08                 30.0                 111.7±32.43     +13.51              78.5±15.2          +0.50                   62.5/26.44       0

  Premix                        8.7±0.8               −1.30             34.5                  115.3±36.0           +16.04          78.7±15.6           +1.13              61.0/13.07              0.04±0.45        

  Gracia-Ramos *et al* [@R25]   B^+^                  9.1±1.6           --                    --                   --              --                  --                 --                      16/--            --

  Premix                        9.7±1.9               --                --                    --                   --              --                  --                 16/--                   --               

  Gross *et al* [@R14]          B^+^ (MM=breakfast)   8.7±0.8           −1.1                  --                   115.3±34.2      --                  76.7±17.0          +0.9                    --/12.0          --

  B^+^ (MM=lunchtime)           8.7±0.7               −1.1              --                    113.5±37.8           --              80.2±14.6           +0.7               --/11.4                 --               

  B^+^ (MM=evening)             8.4±0.7               −1.1              --                    106.3±25.2           --              77.5±15.2           +0.4               --/24.4                 --               

  Premix (MM=breakfast)         8.4±0.7               −1.3              --                    113.5±28.8           --              78.2±17.6           +1.6               --/13.2                 --               

  Premix (MM=lunch)             8.8±0.8               −1.4              --                    118.9±41.4           --              78.5±14.7           +1.1               --/12.1                 --               

  Premix (MM=evening)           8.7±0.8               −1.3              --                    115.3±37.8           --              79.1±15.3           +1.3               --/13.6                 --               

  ***IDet + IAsp***                                                                                                                                                                                                

  STEPWise[@R28]                B^+^ (SimpleSTEP)     8.7±1.0           −1.1±1.1              31                   146±52          −11±68              88.0±16.3          +2.7±3.9                74.0/9.7         0.04

  B^+^ (ExtraSTEP)              8.9±1.2               −1.3±1.2          27                    149±52               −16±58          88.8±15.8           +2.0±3.8           77.4/9.12               0.01             

  FullSTEP[@R27]                B^+^                  7.9±0.6           −0.98                 55.9                 126.1±34.2      +2.2\*              88.9±18.7          +0.4\*                                   --

  BB                            7.9±0.6               −1.12             63.3                  124.3±28.8           −2.0\*          86.1±15.2           +3.7\*                                     --               
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Of the above studies, only the studies by Umpierrez *et al* and Gracia-Ramos *et al* were inpatient studies. A minus symbol in front of a number indicates a loss in value, whereas a plus sign in front of a number indicates a gain in value.

\*Calculated from baseline and endpoint means.

†Estimates based on figure (no exact values given).

‡All symptomatic hypoglycemia.

--, data not available; B+, basal-plus; basal +1, basal plus once daily insulin glargine injection; basal +≤3, basal plus up to three daily insulin glargine injections; BB, basal-bolus;BOT, basal-supported oral therapy; FBG, fasting blood glucose;HbA1c, glycosylated hemoglobin; hypo, hypoglycemia;IAsp, insulin aspart; IDet, insulin detemir; IGlar, insulin glargine; IGlu, insulin glulisine; ILis, insulin lispro; IS, insulin secretagogue; MM, main meal; PPY, per patient-year; SMBG, self-monitored blood glucose; SSI, sliding scale insulin.

Results {#s3}
=======

Study characteristics {#s3-1}
---------------------

The majority of clinical studies were randomized controlled trials (RCTs) comparing two or more treatment strategies ([table 1](#T1){ref-type="table"}). In addition, data from one retrospective chart analysis[@R13] and one post hoc analysis of an RCT that was considered to provide additional value to the main analysis were extracted.[@R14] All studies contained a basal-plus arm and included adult patients with T2DM only (age range, 18--80 years). In almost all cases, patients were required to be receiving insulin (commonly in the form of BOT) at the point of inclusion, with only a few studies stating prior OAD use as a minimum prerequisite.[@R9] Study populations ranged from 50 to 890 patients, with the shortest follow-up lasting just 8 days and the longest 60 weeks. The basal-plus regimen was composed of insulin glargine 100 U/mL (IGlar) and insulin glulisine (IGlu) in 11 studies (13/18 manuscripts),[@R8] IGlar and insulin lispro (ILis) in 2 studies (3/18 manuscripts)[@R14] and insulin detemir (IDet) and insulin aspart (IAsp) in 2 studies (2/18 manuscripts).[@R27]

Glycosylated hemoglobin {#s3-2}
-----------------------

The change in HbA1c between baseline and final follow-up and the proportions of patients achieving HbA1c \<7% were common outcomes of the included studies. For IGlar/IGlu basal-plus regimens, the reduction in HbA1c was found to be comparable regardless of whether IGlu was administered before breakfast (baseline 7.35±0.71; reduction −0.31%) or before the main meal (baseline 7.29±0.69; reduction −0.36%; p\<0.0001 for equivalence)[@R8] ([table 2](#T2){ref-type="table"}). However, the proportion of patients with prior HbA1c values \>7% achieving a final value \<7% was significantly higher for the main meal group (52.2% vs 36.5%; p=0.028). For IGlar/ILis combinations, a subanalysis of a trial reported by Tinahones *et al* found main meal timing to make very little difference to HbA1c reductions.[@R14] Telemonitoring and SMBG approaches also resulted in comparable changes in HbA1c and the proportion of IGlar/IGlu patients achieving the \<7% target.[@R15] In terms of IDet/IAsp combinations, the HbA1c values of basal-plus patients improved significantly, regardless of the assessment regimen (preprandial or postprandial glucose) used to determine intensification needs.[@R28]

An IGlar/IGlu basal-plus regimen was shown to be superior to BOT for reducing HbA1c (−0.37% vs −0.11%; p=0.0290) and facilitating target attainment (22.4% vs 8.8% of patients; p\<0.05).[@R21] For both of these parameters, all IGlar/IGlu studies found basal-plus to be non-inferior to premix insulin regimens (All To Target trial: −2.1% vs −1.8% and 49% vs 39%; Jin *et al:* −0.9% vs −1.0% and 33.3% vs 29.3%; Vora *et al*: −1.0% vs −1.22% and 20.6% vs 27.9%, respectively).[@R16] Conversely, twice-daily ILis low mixture (LM25) was found to result in a significantly greater reduction in HbA1c compared with an IGlar/ILis basal-plus regimen (LS mean treatment difference: −0.22; 95% CI: −0.39 to −0.05; p=0.010), though no significant difference was seen for HbA1c target achievement (34.5% vs 30.0%).[@R26] Lixisenatide was shown to be comparable to basal-plus for HbA1c reduction (treatment difference: −0.1, 95% CI: −0.17 to 0.06) and HbA1c \<7% (treatment difference: 3.7, 95% CI: --4.03 to 11.49).[@R24]

Davidson *et al* showed an IGlar/IGlu basal-plus regimen to be non-inferior to basal-bolus in terms of reducing HbA1c (−0.44% vs −0.43%).[@R9] However, non-inferiority was not demonstrated by the OSIRIS study (−0.40% vs −0.72%).[@R20] Moreover, fewer patients in both studies met the \<7% target on the basal-plus regimen (Davidson *et al*: 30% vs 46%, p=0.017; OSIRIS: 18.4% vs 27.1%; 95% CI for treatment difference: −17.92 to 0.48).[@R9] Similarly, while an IDet/IAsp study found the basal-plus and basal-bolus regimens to result in statistically similar reductions in HbA1c (−0.98% vs −1.12%) and proportions of patients meeting the HbA1c target (55.9% vs 63.3%), a similar trend toward better outcomes with basal-bolus was apparent.[@R27]

Given the short timeframe of inpatient studies, improvement in daily blood glucose (rather than HbA1c) was measured. This was found to be similar between hospitalized patients on premixed insulin+ILis and IGlar/ILis basal-plus regimens (−100.7 vs −70.7 mg/dL by the end of treatment; p=0.107),[@R25] and between IGlar/IGlu basal-bolus and basal-plus regimens (approximately −44 mg/dL after treatment day 1 in both cases).[@R18]

Fasting blood glucose {#s3-3}
---------------------

FBG values at baseline were extremely heterogeneous between studies, ranging from 103.9 to 198.2 mg/dL for basal-plus arms ([table 2](#T2){ref-type="table"}). The lowest of these values were reported by trials including patients who were already taking basal insulin at baseline,[@R8] which also reported only small changes in FBG over the course of the study (maximum increase: +13.51 mg/dL at 24 weeks;[@R26] maximum decrease: −16 mg/dL at 48 weeks[@R28]). Only one study showed FBG changes to be significantly different from a comparator regimen (premixed insulin: +3.1 vs +24.4 mg/dL; p=0.0001[@R22]), and neither meal timing nor titration approach had a significant influence.[@R14]

Baseline FBG values were highest in studies where patients were only required to be taking OADs at the time of inclusion.[@R9] The ELEONOR study reported the basal-plus approach to result in a significant fall in FBG (approximately −111.7 mg/dL by week 20), regardless of the glucose monitoring approach employed (telecare vs SMBG).[@R15] Concurrently, a large reduction in FBG was reported for the basal-plus arm in the All To Target trial (−79.3 mg/dL), which was significantly greater than in the premixed insulin arm (−61.3 mg/dL), with the basal-bolus regimen resulting in the greatest decrease (−86.5 mg/dL).[@R16]

Bodyweight {#s3-4}
----------

The effect of the basal-plus regimen on bodyweight was a secondary endpoint in the majority of studies. All these found patients to gain weight over the study period, though a wide range of magnitudes are reported (+0.4--+5.0 kg).[@R15] Heterogeneity in terms of study duration, insulin combinations, prior insulin exposure and concomitant OAD medications are likely to be responsible for this difference.

For IGlar/IGlu combinations, administration of short-acting prandial insulin before breakfast as compared with the main meal appeared to make little difference to the change in bodyweight at 24 weeks (+1.0 vs +0.9 kg),[@R8] with the same outcome regarding use of telecare and SMBG monitoring approaches (both +0.4 kg)[@R15] ([table 2](#T2){ref-type="table"}). In addition, the use of preprandial glucose levels compared with postprandial excursions to determine insulin titration did not result in a significant difference in weight gain by week 36 (+2.7 vs +2.0 kg).[@R28]

An IGlar/IGlu basal-plus regimen was shown to be statistically comparable to BOT (+0.7 vs +0.4 kg),[@R21] as well as premixed insulin (Jin *et al*: +1.22 vs +1.05 kg; Riddle *et al*: +5.0 vs +6.4 kg; Vora *et al*: +2.06 vs +2.50 kg).[@R16] For IGlar/ILis combinations, patients on the basal-plus regimen were found to have gained significantly less weight compared with those on LM25 premixed insulin (+0.5 vs +1.13) after 24 weeks of treatment,[@R26] with those administering IGlu before their main meal in the evening experiencing the smallest bodyweight increment (+0.4 kg).[@R14]

IGlar/IGlu studies found weight gain to be significantly lower for basal-plus patients compared with basal-bolus patients at 1 year (+1.29 vs +2.03 kg),[@R20] and compared with those on up to three daily IGlu injections at 60 weeks (+5.0 vs +6.8 kg; p=0.024).[@R16] For IDet/IAsp combinations, the basal-plus regimen resulted in only a minimal weight increase at 32 weeks (approximately +0.4 kg), while basal-bolus patients gained \~3.7 kg (both values calculated from mean baseline and final weight in each group; no statistics provided).[@R27] In contrast, Davidson *et al* reported no significant differences in the magnitude of bodyweight increment between patients receiving once, twice or thrice daily IGlu (+3.8, +4.1 and +3.9 kg, respectively) after 24 weeks.[@R9] Patients taking lixisenatide were noted to have achieved weight loss at week 24 (−0.6 kg), while gains of +1.0 and +1.4 kg were seen for basal-plus and basal-bolus groups, respectively.[@R24] However, while lixisenatide treatment was shown to be statistically superior to the basal-bolus regimen (p\<0.0001), the same was not true when compared with the basal-plus approach.

Hypoglycemia {#s3-5}
------------

Hypoglycemia occurred in basal-plus patients at an incidence of 1.76 to 26.44 events per patient-year (PPY) ([table 2](#T2){ref-type="table"}). It was unaffected by the use of telecare compared with SMBG monitoring approaches in basal-plus patients (1.89 vs 1.76 events PPY),[@R15] by the use of premeal compared with postprandial excursion glycemic data to adapt titrations (9.7 vs 9.12 events PPY)[@R28] and by administration of IGlu at breakfast time or before the main meal (2.72 vs 3.69 events PPY).[@R8] However, administration of ILis with a main evening meal appeared to result in approximately double the incidence of hypoglycemia compared with administration with a main meal at breakfast or lunchtime (24.4 vs 12.0 and 11.4 events PPY, respectively).[@R14]

One study found the incidence of hypoglycemia PPY not to be statistically different between IGlar/IGlu and premixed insulin regimens (15.3 vs 18.2 events PPY; p=0.22),[@R23] with three other reporting comparable proportions of patients experiencing a hypoglycemic event during the study (Jin *et al*: 76.90% vs 71.95%; Tinahones *et al*: 62.5% vs 61.0%; Gracia-Ramos *et al*: 16% vs 16%).[@R22] Only one study found a basal-plus regimen to result in lower rates compared with premixed insulin (62.5% vs 72.0%, p\<0.05).[@R16]

In the IGlar/IGlu OSIRIS trial, the incidence of hypoglycemia PPY was comparable between basal-plus and basal-bolus patients.[@R20] Conversely, the FullSTEP study reported IDet/IAsp basal-plus patients to have significantly fewer hypoglycemic events overall as compared with basal-bolus patients (relative risk (RR)=0.58; 95% CI: 0.45 to 0.75; p\<0.0001).[@R27] Similarly, the proportion of patients experiencing an event was reported to be significantly lower for hospitalized basal-plus compared with basal-bolus patients (Umpierrez *et al*: 5% vs 16%, p=0.009).[@R18] Lixisenatide resulted in lower proportions of patients experiencing hypoglycemia over 26 weeks (35.9% vs 46.5%; p=0.01).[@R24]

Severe hypoglycemia was extremely rare (\<0.3 events PPY) in all seven studies reporting this outcome.[@R8] However, only the trial with the highest hypoglycemia event rate reported significantly lower rates of severe hypoglycemia in the basal-plus group compared with its comparator, basal-bolus.[@R9]

Summary of evidence: implications for clinical practice {#s4}
=======================================================

Overall, the above data suggest that the basal-plus regimen is efficacious for improving glycemic control in patients with T2DM, with a low incidence of hypoglycemia and generally minor increases in bodyweight. Based on a small body of available evidence, the timing of short-acting insulin administration and use of different monitoring/titration approaches appear to have minimal clinical impact on efficacy and safety. When compared with premixed insulin, the basal-plus approach appears to result in largely comparable outcomes, whereas compared with basal-bolus regimen, it may result in generally non-inferior glycemic improvements with less weight gain, less hypoglycemia and fewer daily injections. A basal insulin/lixisenatide combination may offer several advantages over the basal-plus regimen.

Choice of patients for basal-plus {#s4-1}
---------------------------------

In the investigated set of studies, ongoing use of a basal insulin±OADs accompanied by an elevated HbA1c level was a common prerequisite for inclusion.[@R8] This explains the low baseline FBG levels and minimal changes in FBG seen in these particular studies, as apparently FBG concentrations already were under adequate control by the basal insulin in the BOT setting. Logically, patients in studies including insulin-naive patients had the highest baseline FBG levels and the greatest reduction in FBG over the course of the study.[@R15] However, the majority of this improvement occurred during the basal insulin run-in phase, prior to prandial insulin initiation. Consequently, in line with current guidelines,[@R1] basal-plus patients in clinical studies are typically those with well-controlled fasting glucose levels, but inadequately high postprandial excursions leading to unsatisfactorily high HbA1c.

Tight glycemic control is particularly important in hospitalized patients, given the associations between hyperglycemia/hypoglycemia and higher rates of infection, increased length of hospital stay and mortality.[@R29] Therefore, insulin regimens are commonly employed in non-critical-care patients, regardless of prior diabetes management approaches. Indeed, subjects in basal-plus inpatient studies were previously managed by diet, OADs only or low-dose insulin.[@R18] The greatest risk of abrupt implementation of insulin therapy and tight titration in inpatients represents hypoglycemia. Accordingly, a basal-plus approach may be more appropriate than a full basal-bolus regimen in this particular population, supported by the lower rates of hypoglycemia reported by Umiperrez *et al* (5% vs 16% for basal-plus and basal-bolus patients, respectively).[@R18] Conversely, little differences were observed between basal-plus and premixed insulin regimens in this context.[@R25] However, the former allows for a greater degree of flexibility, which may have particular utility in a volatile hospital setting. In summary, any non-ICU hospitalized patient with suboptimal glycemic control may be a potential basal-plus candidate, although supporting literature is sparse.

A further consideration for all patients requiring insulin intensification is their individual risk of hypoglycemia. Two meta-analyses[@R33] combining data from 4 of the 15 clinical studies included in the present systematic review (OPAL, ELENOR, POC and 1-2-3- trials)[@R8] identified female gender, a longer diabetes duration and higher IGlar doses to be predictive of symptomatic hypoglycemia on a basal-plus regimen.[@R33] Finally, we recommend that caution and close monitoring should be employed in such patients, with alternative intensification methods such as addition of lixisenatide meriting consideration.

Basal and bolus timing and approaches to titration {#s4-2}
--------------------------------------------------

Times of the day for basal insulin administration were not prespecified in most of the trials, except the studies of Raccah, Jin, Tinhones and Gross, where insulin was injected in the evening.[@R14] In most of the trials, the basal insulin was not further titrated on addition of the short-acting insulin, but rather kept at stable doses. Moreover, in all studies the long-acting basal insulin analogs IGlar and IDet as opposed to neutral protamin hagedorn (NPH) insulin were used. Therefore, daytime differences in basal insulin applications may be negligible.

Several basal-plus trials have compared the effect of administering short-acting insulin at different mealtimes. For both IGlar/IGlu and IGlar/ILis basal-plus regimens, reduction in HbA1c was found to be unaffected by the timing of short-acting insulin administration.[@R8] This suggests that preferential dosing at breakfast, lunch or dinnertime has little bearing on glycemic efficacy, and that a degree of flexibility may be acceptable. However, in the subset of patients with baseline HbA1c\>7%, achievement of a value below this target was more common when their preprandial IGlu bolus was administered prior to their main meal of the day.[@R8] Consequently, administration of short-acting insulin with the patient's largest meal may be recommended. This begs the question of how to define the main meal. The STEPWISE trial assessed outcomes of the basal-plus regimen when the main meal was defined as the "largest meal from the patient's perspective" (with titrations based on preprandial blood glucose) compared with the "meal with the largest postprandial glucose excursion," and found no significant differences between these groups.[@R28] This suggests that either method is valid, although larger-scale studies would be helpful to confirm this.

A slightly smaller degree of weight gain appears to be associated with the use of ILis before a main evening meal compared with breakfast or lunch,[@R14] suggesting that evening administration may be more attractive to patients for whom weight is of particular concern. However, this difference appears to be of minimal clinical significance, with the magnitude of the gains shown to be small and similar to those on BOT alone.[@R21] Indeed, considering that more hypoglycemia has also been reported in patients administering their prandial insulin in the evening,[@R8] patients may gain a greater safety benefit from consuming their main meal (and administering their short-acting insulin) at breakfast or lunchtime. These factors collectively need to be taken into account when establishing individual treatment strategies.

A number of factors have been used to determine the need for insulin dose titration or stepwise addition of additional prandial boluses in basal-plus patients. Basing treatment decisions on telecare monitoring or SMBG was found to result in comparable glycemic improvements, weight changes and hypoglycemia incidences,[@R15] as was the use of preprandial or postprandial blood glucose readings.[@R28] This suggests that any of the above may be appropriate for informing insulin requirements. Analysis of the economic value of each method alongside assessment of convenience and patient satisfaction would allow for more informed selection.

Basal-plus versus basal-bolus {#s4-3}
-----------------------------

The majority of studies found the basal-plus approach to be similar to the basal-bolus regimen in terms of change in HbA1c[@R9] and daily blood glucose,[@R18] with only the OSIRIS trial failing to report non-inferiority.[@R20] However, there appears to be a consistent trend toward fewer basal-plus than basal-bolus patients meeting a \<7% HbA1c target at around 6 months, despite not always reaching significance.[@R9] Interestingly, the FullSTEP study found that by 32 weeks, this difference had disappeared, with comparable proportions attaining HbA1c \<7%.[@R27] This is in keeping with the idea that basal-plus is a more gradual approach to treatment intensification after BOT, likely requiring more time to achieve satisfactory glycemic control than the immediate intensive basal-bolus regimen. This should be taken into account when planning the duration of future basal-plus comparative studies, and also kept in mind by physicians, so that unnecessary delays do not hinder patient progress. Nevertheless, the basal-plus regimen has been shown by several studies to result in comparably less hypoglycemia (including severe hypoglycemia)[@R9] and weight gain[@R16] than basal-bolus, with fewer daily injections required. Only the OSIRIS trial failed to note a reduction in hypoglycemia, with only Davidson *et al* reporting no difference in weight gain.[@R9] These are likely explained by differences in study design and study populations, such as the extent to prior insulin exposure, dosage and use of OADs. In summary, basal-plus regimens may be more acceptable to patients in need of, but resistant to, treatment intensification due to concerns over weight gain and hypoglycemia risk, as well as reluctance to multiple daily injections.

Basal-plus versus premixed insulin {#s4-4}
----------------------------------

Most studies comparing basal-plus and premixed insulin regimens show the former to be non-inferior for reduction in HbA1c,[@R16] with an inpatient study reporting comparable improvements in daily blood glucose.[@R25] Furthermore, at least comparable proportions of patients are reported to achieve HbA1c \<7%,[@R16] with hypoglycemia and weight gain also found to be similar by the majority of studies.[@R16] On balance, it appears that premixed insulin and basal-bolus approaches result in similar improvements in glycemic control, with a comparable degree of safety. Furthermore, the number of necessary injections (two per day) is generally identical in each regimen, meaning that neither has a particular advantage in this respect. However, the addition of one prandial bolus to a previously established BOT regimen may be simpler to implement and allow a greater degree of flexibility in terms of dose titrations. Thus, convenience and individual patient preference are likely to be the most relevant factors when deciding between basal-plus and premixed insulin regimens.

Basal-plus versus GLP-1 RA {#s4-5}
--------------------------

In recent years, the addition of a GLP-1 RA to optimized basal insulin has been explored for improving glycemic control in patients with T2DM. Although several studies have compared a basal/GLP-1 RA regimen to a basal-bolus regimen, only one trial (GetGoal Duo-2) appears to have included a basal-plus arm.[@R24] In this particular study, reductions in HbA1c were non-inferior in patients on lixisenatide compared with those on a basal-plus regimen. In accordance with the published literature,[@R35] however, a small amount of weight loss (−0.6 kg) was seen in patients on lixisenatide, while basal-plus patients experienced a small weight gain (+1 kg). In addition, lixisenatide was associated with lower rates of hypoglycemia, with a complete absence of severe symptomatic hypoglycemia. This suggests that the main aims of antidiabetic treatment (namely improved glycemic control without excessive weight gain or hypoglycemia) may be better met by a basal/GLP-1 RA than basal-plus regimen. However, GLP-1 RAs have been associated with gastrointestinal side effects, affecting 35.2% versus 8.6% of the lixisenatide and basal-plus patients in the GetGoal Duo-2 Trial, respectively.[@R24] Increased heart rate[@R36] and kidney damage[@R37] have also been associated in some studies with GLP-1 RAs. These adverse effects may significantly impact quality of life, adherence and persistence, undermining the advantage gained from fewer insulin injections compared with the basal-bolus approach. Consequently, all the above factors should be carefully considered when individualizing patient care plans.

Basal-plus insulin combinations {#s4-6}
-------------------------------

In all but two of the studies, the basal insulin used was IGlar 100 U/mL rather than IDet. This may partly reflect an earlier approval, with IGlar having received European Medicines Agency/Food and Drug Administration approval several years before IDet (2000/2000 vs 2004/2005). A meta-analysis comparing these two long-acting insulins found them to be comparable for target HbA1c achievement without hypoglycemia when used as part of a BOT regimen (RR=1.07; 95% CI: 0.87 to 1.33), as well as risk of symptomatic hypoglycemia (RR=0.99; 95% CI: 0.90 to 1.08).[@R38] Similarly, pharmacodynamic studies have demonstrated very little difference in duration of action.[@R39] However, IGlar has been associated with a lower rate of adverse events leading to treatment discontinuation (RR=0.40; 95% CI: 0.24 to 0.69)[@R38] and a lower daily insulin dose requirement (RR=0.29; 95% CI: 0.25 to 0.32).[@R40] The latter points toward potential cost savings and may be an additional explanation for the greater use of IGlar in the present group of studies. IDet may result in less weight gain (0.6±2.5 vs 4.2±4.1 kg, p=0.004),[@R43] and all these factors must be considered when selecting basal insulins. Head-to-head studies comparing IGlar and IDet basal-plus regimens would be informative. The use of the newer, long-acting insulins---degludec and IGlar-300---are outside the context of this review but warrant similar investigation.

When deciding on the best prandial insulin to add to a BOT regimen, several rapid-acting analogs (IGlu, IAsp and ILis) are available. IGlu has been shown to provide similar or superior improvements in glycemic control compared with regular human insulin at similar doses, with less severe postadministration excursions and reduced hypoglycemia.[@R44] In the studies included in the present analysis, the most recently approved analog IGlu was most commonly used in the basal-plus arm followed by ILis and IAsp. This preference may also be a reflection of its slightly faster onset of action compared with the latter two analogs, as demonstrated by a number of comparative studies.[@R46] Theoretically, this allows more flexible bolus administration at mealtime.[@R49] It is difficult to draw evidence supporting the use of any one particular analog from the present studies due to their heterogeneity. Direct head-to-head comparisons of different basal/prandial insulin combinations in a larger population would be necessary to address this question.

Limitations {#s4-7}
-----------

This review is based on studies identified through a PubMed search and the recommendations of experts. Other data sources, such as Embase, Cochrane and Medline, may have identified other studies that could have been included in this manuscript. There is a high degree of heterogeneity between the included studies in terms of design (including aims, sample sizes, durations, inpatient vs outpatient settings, definitions of hypoglycemia and insulin combinations) and baseline patient characteristics (age, glycemic levels, use of insulin and OADs). Furthermore, the definition of basal-plus is variable, with some studies referring to the addition of just one prandial bolus per day, others to a stepwise addition of up to three boluses based on target achievement over time and some to the administration of short-acting insulin only where prandial blood glucose readings indicate its necessity. This begs for standardization of terms used in the field of diabetes to avoid confusion in future. This heterogeneity contributed complexity to a qualitative evaluation and precluded the performance of a meta-analysis. Furthermore, most of the included studies were RCTs. While this suggests high-quality data and validity of interstudy comparisons, tight inclusion criteria mean that study samples represent selected populations, limiting their generalizability to the overall population in daily clinical practice. Of note, a lack of blinding in most of the trials also means that the effect of experimenter bias cannot be ruled out.

Conclusions {#s5}
===========

In outpatients with T2DM, the addition of a single short-acting insulin bolus to a pre-existing BOT regimen results in efficient reductions in HbA1c, with minimal weight gain and low rates of hypoglycemia. There is also separate evidence for its safe and effective use in an inpatient setting. While basal-plus and premixed insulin regimens appear to result in similar outcomes, a greater degree of flexibility is possible with the former approach. Furthermore, basal-plus has been associated with less weight gain, hypoglycemia and injection requirements compared with basal-bolus, with similar HbA1c effects. The translation of these proven advantages into less resistance to insulin intensification and reduction of clinical inertia remains to be demonstrated. Interestingly, the addition of lixisenatide and liraglutide to basal insulin instead of prandial insulin may be advantageous in terms of weight and hypoglycemia, but gastrointestinal side effects remain a drawback. Thus, multiple factors must be considered when formulating treatment plans. The availability of different insulin combinations for use in a basal-plus regimen is advantageous in terms of clinical flexibility, but comparative studies to identify patients most likely to benefit from each particular pairing would be informative.
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